1. Introduction {#sec1}
===============

Stem cell therapy is not a new field but should be considered as an expanded field to successful bone marrow transplantation for several disorders such as autoimmune diseases and hematological malignancies. Decades of clinical application to reconstitute the hematopoietic system have led to improved methods to increase the age for transplants, resulting in benefit to an aging population \[[@B1], [@B2]\]. The long history of a focus on hematopoietic stem cells resulted in scientists overlooking other organs with tissue-specific stem cells. This past decade corrected this oversight, resulting in an "explosion" in the number of papers, journals, and scientific meetings on stem cells. The new focus correlated with an increase in registered stem cell clinical trials ([clinicaltrials.gov](http://clinicaltrials.gov/)). Those involved in the educational system across the globe are aware that stem cells are moving rapidly to the clinic while the education of future scientists and practicing physicians lags. This review discusses whether clinical trials with stem cells need a pause while scientists and a team of supporting experts become involved in robust investigational studies. We argue that such delay will ensure that stem cell delivery is done safely.

The field of stem cell provided invaluable information in cancer biology, including insights into cancer stem cells. As scientists begin to understand the latter type of stem cells, one has to ponder if undiagnosed cancer and cancer stem cells would hinder the translation of stem cell to patients. While the information on cancer stem cells is likely to lead to novel approaches to target otherwise evasive cancer cells, their "silence" or dormant phenotype existence has to be a major consideration for the safe treatment with stem cells.

Mesenchymal stem cells (MSCs) continue to show promise in cell therapy \[[@B3]\]. Although there are several reasons to explain why MSCs reached the clinic, a major advantage is based on the science. There is no question that embryonic stem cells (ESCs) can form any cell type. However, ESCs easily respond to *ex vivo* conditions to differentiate into different cell types. ESC "instability" poses challenges with regard to the cells\' efficiency to generate a homogeneous population of a desired cell type. More importantly, ESCs can quickly form tumors when placed in an animal \[[@B4]\]. An attractive feature of MSCs is their ability to be used as "off-the-shelf" source for cell therapy \[[@B5]\], making them readily available. However, the advantages currently considered with MSCs do not give these stem cells a "green light" for absolute safety. A major issue that will be discussed in this review is the role of MSCs in cancer. Another issue with MSCs involves the culture conditions to obtain a heterogeneous population.

Despite many reports that MSCs are heterogeneous, it is difficult to determine if this occurs endogenously or if the heterogeneity is an artifact of the culture methods. This difference is an important question that needs to be addressed. Stem cell biologists will need to collaborate with biomaterial companies since they are likely to have existing "libraries" of different surfaces. Robust testing of different surfaces would determine if the type of culture method limits our ability to obtain a pure population of MSCs. However, one must be mindful that there might be an advantage to a heterogeneous population of MSCs. There is a possibility that transplanting heterogeneous MSCs in patients could be advantageous since the different cell subsets might interact to achieve a more effective response such as tissue repair. At this time, there are no "solid" experimental studies to validate the advantage of using a heterogeneous population of MSCs although this question is among many unanswered but fundamental "black boxes" in the field of stem cell biology. These questions seem to arise daily and answers are needed for effective translation to patients. One cannot help but note that the contents within requests for proposals for stem cells by funding agencies, such as the national institutes of health, do not emphasize safety issues. At this time, one wonders if the issue of safety will come to the forefront after deleterious outcomes. If so, this could slow if not end the field of translation in stem cell biology.

2. Mesenchymal Stem Cells (MSCs) {#sec2}
================================

MSCs are in trials for different disorders ([clinicaltrials.gov](http://clinicaltrials.gov/)). In parallel, there is intense research to understand how stem cells can be translated for different disorders. MSCs can migrate towards a region of tissue injury, partly due to the expressed chemokine receptors responding to high levels of chemokines at the site of tissue damage \[[@B6]\].

A stem cell can differentiate into multiple lineages and undergo self-renewal. Stem cells play an important role in developmental processes, tissue repair, and protection. In recent years, the use of stem cell for several diseases such as neural and cardiac disorders has become a common theme with great promise as the future of medicine.

MSCs are adult stem cells found in human first-trimester fetal blood, liver, bone marrow, umbilical cord blood, peripheral blood, fetal membrane, placenta, adipose tissues, amniotic fluid, and multiple organs \[[@B7]--[@B11]\]. In adults, however, the major organs of MSCs are bone marrow and, if the individual is obese, adipose tissue. Unlike other stem cells, MSCs are easy to isolate and expand *in vitro*, whereas ESCs can form teratoma, along with the ethical issues linked to its derivation from the inner cell mass of human blastocyst \[[@B12]\]. Induced pluripotent stem cells (iPSCs) are derived from somatic cells through the expression of multiple genes. The iPS cells share behavior similar to ESC such as teratoma formation \[[@B13]\].

MSCs are spindle-shaped fibroblastoid cells. Phenotypically, MSCs express CD44, CD73, CD146, CD166, CD90, CD29, CD105/SH2/CD1-5, vimentin and endoglin, SSEA-1, and SSEA-4 \[[@B14], [@B15]\]. MSCs do not express markers associated with hematopoietic cells such as CD45 and CD34. MSCs can generate osteocyte, chondrocyte, adipocyte, myocardiocytes, neurons, hepatic cells, and bone marrow stromal cells \[[@B16]--[@B18]\]. We define transdifferentiation as the ability of stem cells to jump germ layer. Others argue against the transdifferentiation because it is believed that MSCs are derived from neuroectodermal cells.

MSCs interact with both innate and adaptive immune cells to exert dual immune responses, stimulation, and suppression. The type of immune response depended on the tissue microenvironment \[[@B19]\]. In the adult bone marrow, MSCs can be found around the blood vessel forming an interface between the periphery and the cavity \[[@B19], [@B20]\]. This location strongly suggests that MSCs could be immunologically involved in bone marrow homeostasis \[[@B21]\]. There are several reports stating a switch in the immune property of MSCs, depending on the level of proinflammatory cytokines. As an example, at low level, IFN-*γ* allows MSCs to be antigen presenting cells by inducing the expression of MHC-II whereas at high levels of IFN-*γ*, the MSCs switch functions to be immune suppressor \[[@B22]\]. MSCs can engulf foreign particles such as bacteria and, through MHC-II expression, activate T cells \[[@B23]\]. During the activation of T cells, IFN-*γ* levels are increased. This causes MHC-II expression to be decreased on MSCs and concomitant increase in the program cell death ligand 1 (B7-H1) to suppress the immune response \[[@B24]\].

IFN-*γ* also interact with other cytokines such as TNF-*α* to inhibit T-cell activation and to enhance the cytotoxic effect of natural killer (NK) cells and the proliferation and maturation of dendritic cells (DC) \[[@B25]--[@B27]\]. Although the exact pathways by which MSCs suppress the immune system remain an active area of investigations, the reports showed MSCs releasing cytokines such as IL-6 and IL-10 to inhibit T-cell receptor-dependent and receptor-independent proliferation of T cells. In line with the suppressive role of MSCs, these stem cells can induce and expand regulatory T cells (T~regs~), which are CD4^+^/CD25^+^. T~regs~ can act as negative regulators of inflammatory processes such as autoimmune diseases. Also, in the presence of breast cancer, MSCs can induce T~regs~ through the production of TGF-*β* \[[@B28]--[@B30]\].

In an experimental model of lupus, MSCs inhibit the proliferation and differentiation of B cells \[[@B31]\]. This occurred partly through IFN-*γ*, which activated the programmed death ligand pathway (PDL-1). The translation of the *in vitro* findings did not show a significant difference in proteinuria but showed a decrease in the deposition of glomerular immune complex. MSCs can also decrease B-cell function through the downregulation of chemokine receptors \[[@B32]\].

The involvement of MSCs with the innate immune system is linked to the expression of Toll-like receptor (TLR), 1--8 \[[@B33]\]. TLR can influence the expression of several cytokines, such as IL-6, IL-8, and IL-10 \[[@B19], [@B33], [@B34]\]. TLRs are single membrane noncatalytic proteins, which are important to the innate immunity \[[@B35]\]. TLR can activate NF*κ*B for the regulation of inflammatory cytokines \[[@B34]\].

[Figure 1](#fig1){ref-type="fig"} demonstrates the basic principle of MSCs being attracted to the sites of tissue injury for tissue replacement or remaining as stem cells where they self-renew and prevent further damage. Tumor cells produce cytokines and can be considered an area of tissue damage. Thus, it is not a surprise that MSCs can also home to regions of tumors. The ability of MSCs to migrate to tumors can be explored by engineering the cells to express antitumor cytokines such as IL-12 \[[@B36]\]. Similarly, MSCs are being developed to transport drugs, including those within nanoparticles for brain tumors \[[@B37], [@B38]\].

3. MSCs-Transplantation {#sec3}
=======================

Clinical trials with stem cells, including those with MSCs, are registered in a national database ([clinicaltrials.gov](http://clinicaltrials.gov/)). Animal models of spinal cord injury, bone fracture, autoimmune disorder, rheumatoid arthritis, and hematopoietic defects indicated a clinical application for MSCs \[[@B6], [@B39]--[@B43]\]. The transplantation of MSCs could be from allogeneic or autologous sources. It appears that autologous transplant might pose a risk because when expanded MSCs are reintroduced into its host, the MSCs might be perceived differently from the endogenous (unexpanded) MSCs \[[@B22]\]. Due to the immune suppressor properties of MSCs, these cells are widely used to minimize graft versus host disease (GvHD).

The intent of transplanting MSCs for GvHD is to eventually replace or reduce the level of steroids to prevent the untoward effect associated with steroids \[[@B36]\]. The biggest issue with allogeneic transplantation to replace the hematopoietic system is the mismatch at the major histocompatibility complex (MHC) between the donor and recipient. As third party cells, MSCs can exert immune suppression known as veto function \[[@B44]\]. This property forms the basis for MSCs as third party cells to subjects receiving allogeneic bone marrow cells in transplantation. Based on the ability of MSCs to suppress allorejection, the method can be similarly applied for organ transplant. An application to suppress organ rejection will require experimental studies in large animals, which are costly but in the long-term will benefit patients and also reduce healthcare cost.

IL-10 is important during allogeneic transplantation because it inhibits IFN-*γ* production and suppresses the antigen-presenting cells, indicating that the IL-10 would prevent MSCs converting to immune-enhancing cells \[[@B23], [@B45]\]. IL-10 primed MSCs resulted in a lower mortality rate than untreated MSCs and showed significant reduction of reduced GvHD \[[@B46]\]. The application of MSCs for acute GvHD underscores the promise of allogeneic MSCs for stem cell therapy. Similarly, clinical trials using allogeneic MSC for acute myocardial infarct improved the patients\' condition, although the mechanisms by which this occurs have not been described \[[@B5], [@B36]\]. MSCs are tested in ongoing clinical studies for neurological disorders such as Parkinson\'s disease and multiple sclerosis \[[@B36]\].

4. Regenerative Medicine: Other Applications {#sec4}
============================================

Thus far, this review mostly discussed the safety of MSCs as therapeutic use for immune suppression. However, MSCs can be used in regenerative medicine to repair damaged tissues \[[@B47]\]. This field represents another arm of stem cell treatment treatment in which the cells are not given to "self" but to another individual representing a different allogeneic host. Although still ongoing, this type of treatment is valuable to tissue repair to preserve organs before the damage requires transplantation. In addition to tissue regeneration, stem cells, in particular ESCs, can also be used to screen drugs.

ESCs can be induced to form any cell type such as cardiac cells. Thus, a single clone of ESC can be used to test different cell types through a rapid screening process. This will be an efficient method to prevent expensive studies and to enhance the process of getting new drugs to the clinic \[[@B48]\]. Although limited, ESC-derived cells are in the clinic to treat macular degeneration, heart failure, neurodegenerative disorders, and diabetes ([clinicaltrials.gov](http://clinicaltrials.gov/)). ESCs have been shown to differentiate into neural cells such as dopamine and serotonin neurons \[[@B49]\]. While these neurons could be used as a treatment for degenerative diseases or to repair stroke damage, there are lingering concerns with the use of ESC-derived cells. Besides the ethical reasons, these ESC-derived cells have the potential to either differentiate or dedifferentiate into the cell type that they were originally programmed to create \[[@B50]\].

Transplantation of hematopoietic stem cells (HSC) has been tried since 1959 to repopulate the hematopoietic system. The method has since been applied to humans for cancer, primary immunodeficiency, and other heritable and acquired diseases \[[@B51]\]. More recently, hematopoietic transplantation is combined with MSCs as stem cell immunotherapeutics to prevent acute GvHD \[[@B52]\]. Hematological malignancies such as myelomas seem to be better targeted with autologous stem cell transplant. A clinical trial with MSCs for GvHD did not show significant progress indicating additional research to effectively bring MSCs as adjuvant to transplantation \[[@B21]\].

The treatment of cardiac damage was tried with transplanting bone marrow mononuclear cells, which includes a mixed population of HSCs, MSCs, progenitor cells, and other hematopoietic cells \[[@B53]\]. Cardiac repair trials with these bone marrow cells include Bone Marrow Transfer to Enhance ST-Elevation Infarct Regeneration (BOOST) and the Transplantation of Progenitor Cells and Regeneration Enhancement to Acute Myocardial Infarction (TOPCARE-AMI). These studies resulted in improvement of the left ventricular efficiency \[[@B54]--[@B56]\].

To reiterate, MSCs can differentiate into different cell types such as osteocytes, chondrocytes, fibroblast, adipocytes, myocardiocytes, neurons, and hepatic cells \[[@B16]--[@B18], [@B57]\]. The differentiated cells would benefit from the field of tissue engineering for tissue repair. MSCs can also secrete factors to regulate the microenvironment to aid the tissue repair process \[[@B57]\]. The discussion on MSCs as immune regulators and the influence of this property to tissue repair underscores the "attractiveness" of these cells for translation to patients. Indeed, there are listed clinical trials that use MSCs for the treatment of diabetes, cirrhosis of the liver, ulcerative colitis, and spinal cord injuries ([clinicaltrials.gov](http://clinicaltrials.gov/)). In addition to bone marrow derived cells, MSCs also show promise for cardiac repair \[[@B58], [@B59]\].

5. Cancer Stem Cell {#sec5}
===================

The cancer stem cell hypothesis proposes a small subpopulation of cancer cells that contribute to tumor formation. These cells, known as cancer stem cells (CSCs), have the ability to evade therapeutic treatments thus allowing for recurrence of cancer and metastasis \[[@B60]\]. Current therapies often attack the bulk of tumor cells leaving the CSCs. The surviving CSCs can continue to form new tumors or can adapt dormancy. CSCs can be caused by genetic mutations as well as other molecular changes associated with oncogenesis \[[@B61]\]. The method by which the CSCs survive as dormant cells and remain undetected and evade treatment is unknown. However, the experimental evidence strongly suggested that the host microenvironment and intercellular communication between the CSCs and microenvironmental cells can cause the CSCs to remain as dormant cells or cause tumors through the generation of proliferating cells and metastasis to other sites \[[@B61]\]. This section is included in this review because it underscores the problem that MSC treatment will encounter when they are transplanted into a subject with dormant CSCs. This issue is particularly important because MSCs can support tumor growth and also protect from the immune system. This confound is discussed below.

6. Breast Cancer Cells: MSC Interaction {#sec6}
=======================================

This section further expands on CSCs of the breast since the method by which these cells adapt dormancy has been well studied. It is the goal of this review that, as MSCs progress in the clinic, the safety issue described throughout would extrapolate on the information on breast cancer for other cancers. The phenotype of breast CSCs have been well described although this is still a work in progress \[[@B62]\]. Breast cancer has a predilection to home and integrate to the bone marrow where they retain dormancy \[[@B63]\]. Once in the bone marrow, the cancer cells establish quiescence by intercellular communication with resident stromal cells \[[@B62]\]. Cells within the bone marrow microenvironment can also support reverse dormancy for the eventual progression and metastasis, which could partly explain resurgence \[[@B64]\]. MSCs, which constitute the stromal compartment of the bone marrow, can influence the migration of the cancer cells in and out of the bone marrow \[[@B64]\]. MSCs support the growth, invasiveness and metastatic potential of breast cancer \[[@B65]--[@B67]\].

7. Potential Confounds of MSC Treatment {#sec7}
=======================================

There are several reports on the involvement of MSCs to support and protect solid tumors \[[@B68]--[@B70]\]. A major consideration when treating a patient with MSCs is undiagnosed tumor. For example, in the case of breast cancer, the experimental studies as well as the clinical evidence indicated that breast cancer cells can survive in a state of mitotic arrest for long periods as dormant cells \[[@B44], [@B62], [@B71]--[@B75]\]. In many cases of cancer resurgence, the bone marrow has been identified as the source of tertiary metastasis indicating the survival of initiating cancer cells in bone marrow \[[@B71]--[@B74]\]. This indicates that the bone marrow could be home to dormant breast cancer cells and that the original disseminated tumor cells can survive for \>10 yrs \[[@B75], [@B76]\].

The heterogeneity of breast cancer cells is being developed as a hierarchy and this organizational structure is based on the relative maturation of the different subsets \[[@B62]\]. MSCs can induce T-cell responses such as regulatory T cells (T~regs~) to protect the cancer cells from immune cytotoxicity. The future of MSC therapy will depend on how T cells respond to the different subsets of breast cancer cells. This is important with regard to safety when MSCs are used for treatment because while they protect the tumor from the immune system through T~regs~, they can also support the growth of tumor cells \[[@B28], [@B77]\]. Breast cancer cells interact with MSCs through membrane-bound stromal cell-derived factor 1*α* (CXCL12) and its receptor, CXCR4 \[[@B78], [@B79]\]. It is unclear if all subsets interact equally. This is important in going forward to understand if stem cells, such as MSCs, should be delivered in conjunction with other agents to counteract the MSCs supporting dormant tumor cells. This brings up another point on selecting who should oversee the treatment with MSCs. In most countries, the physicians are specialized and become experts in his or her field. The field of stem cell challenges the isolationist approach. The building of teams of different subspecialty to include translational scientists would be most efficient to bring stem cells to the clinic.

As discussed above, MSCs can support tumors through increased growth and/or protect the tumor by suppressing the immune response \[[@B28], [@B78], [@B80]--[@B87]\]. Thus, it is important to study the immune response between MSCs and each subset of breast cancer cells. Ideally, it would be advisable to eradicate cancer and then deliver stem cells. However, at this time, there is no method to eradicate cancer, despite intense studies on the interaction between distinct cancer cell subsets and the microenvironment \[[@B88]\]. At this time, stem cell therapy will need to consider how the stem cells might affect the recipient who is a cancer survivor. One would assume that the surviving cancers are phenotypically stem cells. *In vivo* studies are lacking to understand how cancer stem cells interact with MSCs. Until these studies are conducted, the existence of cancer stem cells remains a liability issue for stem cell therapy. The authors of this paper do not believe that this is an easy issue for those involved in bringing stem cells to patients, but it is a fundamental problem that requires research to safely bring stem cells to patients.

Another safety issue that has little attention is the crosstalk between stem cells and molecules within the microenvironment where stem cells home and integrate. Stem cells, through specific receptors, can initiate a crosstalk with the milieu within an area of tissue injury. The site of tissue damage is likely to produce inflammatory mediators that can interact with specific receptors on the stem cells. The stem cells, in turn, would respond and produce soluble factors to activate the cells within the microenvironment \[[@B89]\]. Thus, it is important to understand how stem cells will respond within an area of tissue injury and whether this could be a question of safety before stem cells are given to patients.

8. Summary and Conclusion {#sec8}
=========================

This paper provides evidence to support future application of MSCs for regenerative medicine and anti-inflammatory processes. The applications for MSCs are discussed with the information that these cells could cause untoward effects. Thus, we noted a need for additional research to ensure patient safety. In particular, we cited the importance of studies to dissect the interaction between the transplanted MSCs and the tissue microenvironment. More importantly, the treatment of MSCs needs to be safe. We therefore discussed the interaction between MSCs and different subsets of breast cancer cells, in particular the cancer stem cells. MSCs can interact with cancer stem cells and support their growth. Going forward, MSC treatment will need to consider that the host may have undiagnosed cancer that could be influenced by the transplanted MSCs. We propose that parallel research studies are needed on cancer stem cells and MSCs. In summary, we propose that robust studies are needed to examine MSC biology in different diseases prior to clinical application since this will improve patient safety and increase the efficacy of stem cell treatment.

![A general scheme is presented to provide an overview on the migration of MSCs to an area of tissue injury. Top row shows the release of cytokines at the region of the tissue to attract the MSCs (rows 2 and 3). Upon reaching the tissue, the MSCs can self-renew and suppress the inflammation or can differentiate to replace the damaged tissue.](SCI2013-241048.001){#fig1}
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